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Introduction
Female gender is a known risk factor for early and late mortality after coronary artery bypass graft surgery (CABG). Higher age of women at operation may influence outcome, since age per se is also an important risk factor. The purpose of our study was to analyze possible gender differences in outcome after isolated CABG in different age groups to delineate the impact of female gender and age.
Methods
All patients over 60 years of age undergoing isolated CABG at our department during 2001 and 2011 were included and categorized by age into sexagenarians (2266, 16.6% women), septuagenarians (2332, 25.4% women) and octogenarians (374, 32% women) and assessed by gender for 30-day and 180-day mortality.
Results
Thirty-day mortality was significantly higher in women only amongst septuagenarians (7.1 vs. 4.7%, p = 0.033). Same differences apply for 180-day mortality (12.3 vs. 8.2%, p = 0.033) and estimated one-year survival (81.6 ± 4.2 vs. 86.9 ± 2.2%, p = 0.001). Predictive factors for 30-day mortality of septuagenarian were logistic EuroSCORE (ES) (p = 0.003), perioperative myocardial infarction (MI) (p<0.001), pneumonia (p<0.001), abnormal LVfunction (p<0.04) and use of LIMA graft (p<0.001), but not female gender. However, female gender was found to be an independent predictor for 180-day mortality (HR 1.632, p = 0.001) in addition to ES, use of LIMA graft, perioperative MI, pneumonia and abnormal LV function (HR 1.013, p = 0.004; HR 0.523, p<0.001; HR 2.710, p<0.001; HR 3.238, p<0.001; HR 2.013, p<0.001).
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Patients' demographics
Patients were diagnosed with single-, double-or triple-vessel coronary heart disease. The prevalence of left main coronary artery stenosis and triple-vessel disease was analyzed. Patients with concomitant cardiac or aortic procedures were not included in our study. Ejection fraction was examined by referring physicians using standard echocardiographic measurements or during angiography. Abnormal LV function was assessed by echocardiographic findings including e.g. diastolic dysfunction independent from ejection fraction. Obesity was defined, if BMI reached 30 kg/m 2 or more. Previous myocardial infarction is defined as a clinical history of ST elevation and non-ST elevation myocardial infarction. Psychiatric disorders are defined as a clinical history of disorders listed in ICD 10 Chapter V. Demographic data are listed in Table 1 . Operative Protocol
All procedures were performed via full median sternotomy. Indication for operation were elective, urgent, emergent (immediate operation after admission) or ultima ratio. Operations were performed with the aid of standard extracorporeal circulation (ECC) employing single cannulation of the ascending aorta and right atrium. Activated clotting time (ACT) was set 400 seconds by intraoperative heparinization before cannulation. A membrane oxygenator was applied and surgery was performed at different levels of hypothermia. Operation data are displayed in Table 2 . Erythrocyte concentrate, fresh frozen plasma and platelet transfusions were administered, if required. Proximal anastomoses were mainly performed under partial aortic clamping. Total arterial revascularization, which include single LIMA on left anterior descending (LAD) bypass and multiple bypass grafts using left and/or right IMA and/or use of radial artery were analyzed and compared to conventional revascularization within study groups ( Table 2 ). The patients were later transferred to the intensive care unit (ICU) and received standard hemodynamic monitoring and mechanical ventilation after surgery. Anti-platelet agents were started at the first postoperative day. Earlier administration of anti-platelet agents followed specific requirements by the operating surgeon due to extended anastomose or endarterectomy. Several postoperative variables were documented and included in statistical analysis ( Mean logistic EuroSCORE was significantly higher in women of all age groups, as expected due to the high impact of gender within the scoring system. Diabetes mellitus was significantly higher in women compared to men only in septua-and octogenarians (46% vs. 38%; p = 0.001 and 44% vs. 29%; p = 0.007) as it was among sexagenarians, but without reaching statistical significance. The prevalence of smoking was higher in men of all age groups. Renal dysfunction with need of dialysis was equally found in all groups without statistical difference. Preoperative mean creatinine levels were significantly higher in women of all age groups (p<0.001 in sexa-; p = 0.004 in septua-; p = 0.019 in octogenarians).
Operative data are listed in Table 2 . Urgency of operation did not differ significantly among the study groups (sexagenarians p = 0.367, septuagenarians p = 0.234, octogenarians p = 0.714). Cross-clamp time was longer in septuagenarian men (54 min vs. 51 min; p = 0.004). One of the major differences is that the LIMA bypass graft was more often used in septua-and octogenarian men compared to women (86.5% vs. 80.7%, p = 0.001; 70% vs. 57%, p = 0.014), whereas the mean number of distal anastomoses did not differ between the study groups (sexagenarians p = 0.085, septuagenarians p = 0.531, octogenarians p = 0.987). Further investigation revealed that the procedure of total arterial revascularization was followed without significant difference in septua-and octogenerians (p = 0.170 and p = 1.0). The amount of performed total arterial revascularization was higher in sexagenarian women compared to men (8.8% vs. 4.9%; p = 0.004).
Postoperative variables and complications are presented in Table 3 . No significant differences were found during the operative course among sexagenarians, except for urine tract infection, which occurred more in women as expected (2.1% vs. 0.7%, p = 0.015). Neither cerebrovascular incidence (sexagenarians p = 0.874, septuagenarians p = 0.376, octogenarians p = 0.288) nor stroke (sexagenarians p = 1, septuagenarians p = 0.274, octogenarians p = 0.309) differed among age groups. Interestingly, the incidence of infections, sepsis, mediastinitis and especially thoracic wound infections (sexagenarians p = 1, septuagenarians p = 0.353, octogenarians p = 1) did also not differ between women and men among all age groups. However, a major difference is the occurrence of perioperative myocardial infarction. Significantly more sexa-and septuagenarian women suffered from perioperative MI compared to men (8.5% vs. 5.1%, p = 0.014; 7.6% vs. 4.4%, p = 0.004). Furthermore, septuagenarian men developed pneumonia more often compared to women (10.7% vs. 6.6%, p = 0.003). However, mean intubation time was relatively comparable in that age group (53 min. vs. 44 min., p = 0.227). Sexagenarians and octogenarians showed statistically likely incidence of postoperative pneumonia (sexagenarians p = 0.310, octogenarians p = 0.530) and ventilation time (sexagenarians p = 0.593, octogenarians p = 0.342).
Outcome 30-day and 180-day mortality of our subgroups are depicted in Figs 1 and 2 . 30-day Mortality was significantly higher in women among septuagenarians (7.1% vs. 4.7%, p = 0.033), as well as 180-day mortality (12.3% vs. 8.2%, p = 0.033). In octogenarians relative values of 30-day mortality showed the same tendencies without reaching statistical significance (13.2% vs. 9.1%, p = 0.277), whereas 180-day mortality tended to similar outcomes of women and men (23.5% vs. 22.4%, p = 0.761). Among sexagenarians 30-day mortality was almost equal (3.2% vs. 3.3%, p = 1.0), as well as 180-day mortality was (5.3% vs. 4.9%, p = 0.696).
Since descriptive analysis revealed significant differences in short-and mid-term outcome only among septuagenarians, this subgroup was further investigated by Cox proportional hazard model after proving relevance of included variables by univariate logistic regression analysis.
On univariate analysis (Table 4) female gender, logistic EuroSCORE, peripheral artery disease (PAD), abnormal left ventricular (LV) function, postoperative pneumonia, perioperative myocardial infarction (MI), previous heart surgery and the non-use of the left internal thoracic artery (LIMA) as a bypass graft were significant predictors of 30-day mortality in septuagenarians. However, the incidence of perioperative morbidity in terms of neurological and gastrointestinal complications, were not significant. Cox proportional hazard model was used to identify risk-factors for 30-day and 180-day mortality among septuagenarians (Table 5) . Abnormal LV-function, non-use of the LIMA graft, pneumonia, perioperative myocardial infarction and logistic EuroScore remained significant predictive risk factors for 30-day mortality. However, female gender (p = 0.084) did not remain a risk factor for 30-day mortality alongside PAD and previous heart surgery. The results were mainly confirmed by multivariate logistic regression (Table 6 ). For 180-day mortality the same results were detected, but, furthermore, surprisingly female gender became a significant risk factor with an HR of 1.632 (CI 1.212-2.200, p = 0.001). These results could again be confirmed by multivariate logistic regression (Table 6) . Perioperative MI (HR 3.367 for 30-day and HR 2.710 for 180-day mortality) and pneumonia (HR 2.284 for 30-day and HR 3.238 for 180-day mortality) were detected as risk factors with the highest prediction for mortality.
Estimated survival
Despite a relatively short follow-up period Kaplan-Meier log-rank test calculated significant differences in estimated survival also only among septuagenarians with an actuarial survival of 86.7 ± 1.5 in women and 91.4 ± 0.7% in men after 180 days and 81.6 ± 4.2% in women and 86.9 ± 2.2% after 360 days in men (p = 0.001) as depicted in Fig 3 . 
Discussion
Aim of the study was to determine gender specific differences in outcome after CABG surgery between women and men divided into different age groups. We found significant higher observed 30-day and 180-day mortality in women compared to men only among septuagenarians. These results would underline findings of previous reports, which found female gender among other independent risk factors predicting early adverse outcome after CABG [1] [2] [3] [4] [5] . However, in contrast to our findings several reports observed higher mortality rates in female patients after CABG only among younger women [17, [20] [21] [22] . Various studies reported that gender-associated differences in outcome are based on differences in preoperative baseline characteristics. Physiological and clinical factors such as older age of women when admitted, smaller body size and coronary lumina and increased cardiovascular risk factors such as diabetes, arterial hypertension and hypercholesteromia contribute to gender disparity in early outcome [8, 14, 17, 23] . Surprisingly, our Cox regression analysis did not detect female gender to be an independent predictor for adverse outcome after 30-days in septuagenarians. These results confirm findings of previous studies, which reported similar results after adjustments using the propensity score, ruling out female gender as an independent predictor for early mortality [14, 15, 24] . In place of female gender other highly significant risk factors were detected. The significant risk factors remaining were logistic EuroSCORE (ES), abnormal LV function, use of LIMA graft, perioperative MI and pneumonia, which were underpinned by our results of multivariate analysis from the subgroup of septuagenarians. Using the Cox model to identify risk factors for 180-day mortality the same risk factors were detected, but furthermore, female gender became a significant risk factor (HR 1.632, CI 95% 1.212-2.200, p = 0.001). This is a surprising result, which may be caused by several factors. The delta of observed outcome increased after 180-days in disfavor of women, which may result in a higher predictive impact of female gender on adverse outcome, closing the lines to the other highly significant predictive risk factors. A not measurable factor could be the cause of death which has not been investigated in our study or the further course after discharge or transfer from our center to other smaller institutes, where we have no information of outcome details. Still, some distinctions between women and men do exist. Women are more likely to undergo revascularization procedures later than men [3, 14, 25] , which may be connected to greater fear of surgery and thus biasing data [17] . In addition, anatomical conditions such as smaller coronary vessel sizes are well-known [26, 27] . The vessel size may contribute to worse anastomosis quality especially in venous vein grafts, which could lead to the higher incidence of perioperative MI in septuagenarian women. This may emphasize the importance of LIMA graft use. Both LIMA use (HR 0.480 for 30-day and HR 0.529 for 180-day mortality) and perioperative MI (HR 3.367 for 30-day and HR 2.710 for 180-day mortality) are alongside pneumonia (HR 2.284 for 30-day and HR 3.238 for 180-day mortality) the highest predictive factors for 30-day and 180-day mortality and survival in analysis of septuagenarians and have as such also been previously reported [28] . However, the occurrence of postoperative pneumonia remains an ubiquitous risk factor after operative procedures in general. Ennker et al. pointed out the importance of arterial bypass grafts in women due to poor coronary vessel quality and capability of arterial grafts to withstand theses circumstances [23] . However, we did not find significant differences or impact on outcome of total arterial revascularization among septuagenarians. In contrast, Miśkowiec et al. recently reported that despite fewer use in women, the LIMA graft did not have a significant prediction for 30-day mortality after CABG [29] . The fact that the LIMA graft has been used significantly more among septuagenarian men may contribute to worse outcome of women in our study subgroup. However, the LIMA graft has also been used significantly more often in octogenarian men but showing no influence on differences in 30-day or 180-day mortality in this age group.
The second major prognostic factor for adverse outcome after CABG among septuagenarians is the perioperative occurrence of myocardial infarction, which has been assessed as a highly significant parameter by Cox regression analysis in this subgroup. Since it has also been found to occur significantly more in women, this factor alongside the different percentage of LIMA graft use and pneumonia may be the key reasons for the outcome differences of our cohort. Vaccarino et al. also reported that perioperative myocardial infarction is the major cause for early death in women after CABG [17] . Divided into different age groups they found the highest significant value in women of younger age. Despite decreasing differences in mortality with advancing age, a peak in outcome differences was found also among septuagenarians by Vaccarino et al. [17] , which supports our results.
The baseline data analysis of our septuagenarian subgroup found men to be presenting with significantly higher prevalence of three-vessel disease, unstable angina and abnormal LV function, which one would suggest to increase mortality risk drastically. Nevertheless, our analysis merely revealed abnormal LV function among these variables as an independent predictor for 30-day and 180-day mortality in men (HR 1.566; HR 2.013). Several studies reported significant higher prevalence of comorbidities such as diabetes, renal dysfunction [16] , chronic lung disease, obesity and hypertension in women [14, 25, 30] . We found only significant higher prevalence of diabetes and obesity among septua-and octogenarian women, but with no independent impact. Furthermore, other comorbidities tended to appear more frequent in men among all subgroups, especially those being statistically significant, such as abnormal LV function and peripheral artery disease. The only exception was the logistic ES, which per se calculates higher values for women due to the high impact of female gender within the score [9, 31] . The prognostic value of the ES has been discussed controversially even after further adjustment leading to ES II. ES is considered to substantially overestimate patients' risk. Therefore other risk models have been established, e.g. the German CABG Score, which seems to be a reliable alternative to ES, with a higher predictive power [10] . The German CABG Score puts slightly less emphasis on female gender. Female gender is determined by an OR of 1.2 within the German Score and an OR of 1.4 within the ES.
Among operative variables aortic cross-clamp time was slightly longer in septuagenarian men, but showed no predictive value as in contrast being previously reported by Al-Alao et al [24] . Al-Alao et al. assumed that this might also lead to less reoperations due to bleeding complications. However, we could not confirm the findings of Al-Alao et al, as we do not observe significant differences of reoperation due to bleeding complications.
Despite a short follow-up period actuarial survival as calculated by Kaplan Meier analysis revealed also significant differences of outcome between women and men only among septuagenarians.
Our findings indicate that differences between genders in outcome after CABG vary among different age groups. Our youngest age group (sexagenarians) showed several significant differences among comorbidities, surprisingly with significant higher occurrence of possible risk factors in men, except for obesity, which was more common among women. Furthermore, besides urinary tract infections there were no significant differences in operative parameters or postoperative complications. As most of the previous reports, which described gender differences in outcome after CABG, found significant higher comorbidities among women, our baseline characteristics were more balanced between genders with a negative tendency for men. One reason for this observation may be a center related bias. Prompt indication making and alacrity of women in this age group may have led to these results. In addition, women are more aware and likely to present as early as symptoms of unstable angina emerge and men not until the state of MI [32] .
In our high-risk group of octogenarians, comparable outcomes between women and men are not surprising, since high age per se is a major risk factor for mortality and may equalize differences in comorbidities between women and men. Several reports have also described this phenomenon [17, 20, 22] . Besides higher prevalence of diabetes, obesity and unstable angina no other comorbidities were significant more present in octogenarian women. However, LIMA bypass graft was significantly less used in women. Hannan et al. reported of female gender and age over 70 years being highly significant risk factors for 30-day re-admission after CABG [33] . Furthermore, the use of solitary saphenous vein graft was a significant risk factor underlining the importance of LIMA graft use. Others report of poorer patency rates of venous grafts in women compared to those in men [34] . During the postoperative course no relevant differences between genders were found in our data.
To our knowledge this is the first study to investigate possible gender related differences in outcome after CABG divided into age by decades. Gender disparity in outcome within septuagenarians was found after 180-days of follow-up, but not early postoperatively after 30-days. Not gender but co-factors such as the different use of LIMA graft and occurrence of perioperative MI influence 30-day outcome after CABG significantly. Many other underlying pathophysiological conditions may lead to our observed differences in gender. Hormonal dysfunction, menopausal changes, genetic influences and prevention bias are only few factors that have been described [35] . Reports of gender differences in outcome after elective or emergency PCI are also contradictory. There are reports of significant higher prevalence of co-morbidities in women, such as diabetes, but similar mid and long-term outcome after PCI procedures between men and women [36, 37] . As mentioned before, the emerging influence of female gender on outcome after 180-days may most likely be contributed to the fact, that the percentage of deceased women was higher after 180-days than 30-days compared to men.
Limitations
Our available data for analysis are those commonly recorded in the medical records. We did not have information on socioeconomic variables, reproductive history, menopausal status, or behavioral and psychosocial characteristics. Lacking such data, we were unable to determine whether these factors could play a role in the mortality differences we observed. However, it can be assumed, that due to the age groups all women could be considered postmenopausal. We did not include detailed outcome information such as cause of death or information from other medical centers after patients' discharge or transfer. Furthermore, this study is a single center study.
Conclusions
In patients 60 years and older only septuagenarian women have an observed higher 30-and 180-day mortality risk after CABG surgery compared with men. Essential predictive risk factors for 30-day mortality are the use of the LIMA graft, perioperative MI and the prevalence of postoperative pneumonia, but not female gender. However, after 180-days of follow-up our investigation conclude that female gender becomes an independent adverse risk factor for mortality associated with CABG. Given the associated conditions in women, future efforts to maximize the use of LIMA graft and reduce the occurrence of postoperative complications such as perioperative MI and pneumonia are necessary to further improve clinical outcomes. In view of our findings, decision for surgical revascularization should not be based on gender.
